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Foreword

The International Organization for Standardization (ISO) is a worldwide federation of national
standards bodies (ISO member bodies). The work of preparing International Standards is nor-
mally carried out through ISO technical committees. Each member body interested in a subject
for which a technical committee has been established has the right to be represented on that
committee. International organizations, governmental and non-governmental, in liaison with
IS0, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by technical committees are circulated to the member
bodies for voting. Publication as an International Standard requires approval by at least 75%
of the member bodies casting a vote.

International Standard ISO 10303-223 was prepared by Technical Committee ISO/TC 184,
Industrial automation systems and integration, Subcommittee SC4, Industrial data.

ISO 10303 consists of the following parts under the general title Industrial automation systems
and integration — Product data representation and exchange:

— Part 1, Overview and fundamental principles;

— Part 11, Description method: EXPRESS language reference manual;

— Part 12, Description method: EXPRESS-I language reference manual;

— Part 13, Description method: Architecture and methodology reference manual;
— Part 21, Implementation method: Clear text encoding of the exchange structure;
— Part 22, Implementation method: Standard data access interface specification;

— Part 23, Implementation method: C++ language binding to the standard data access
interface;

Part 24, Implementation method: C language binding to the standard data access interface;

— Part 26, Implementation method: Interface definition language binding to the standard
data access interface;

— Part 31, Conformance testing methodology and framework: General concepts;

— Part 32, Conformance testing methodology and framework: Requirements on testing labo-
ratories and clients;

— Part 33, Conformance testing methodology and framework: Structure and use of abstract
test suites;

— Part 34, Conformance testing methodology and framework: Abstract test methods;

vi
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Part 35, Conformance testing methodology and framework: Abstract test methods for SDAI
implementations;

— Part 41, Integrated generic resource: Fundamentals of product description and support;
— Part 42, Integrated generic resource: Geometric and topological representation;

— Part 43, Integrated generic resource: Representation structures;

— Part 44, Integrated generic resource: Product structure configuration;

— Part 45, Integrated generic resource: Materials;

— Part 46, Integrated generic resource: Visual presentation;

— Part 47, Integrated generic resource: Shape variation tolerances;

— Part 49, Integrated generic resource: Process structure and properties;

— Part 101, Integrated application resource: Draughting;

— Part 104, Integrated application resource: Finite element analysis;

— Part 105, Integrated application resource: Kinematics;

— Part 106, Integrated application resource: Building construction core model;

— Part 201, Application protocol: Explicit draughting;

— Part 202, Application protocol: Associative draughting;

— Part 203, Application protocol: Configuration controlled design;

— Part 204, Application protocol: Mechanical design using boundary representation;
— Part 205, Application protocol: Mechanical design using surface representation;

— Part 207, Application protocol: Sheet metal die planning and design;

— Part 208, Application protocol: Life cycle management - Change process;

— Part 209, Application protocol: Composite and metallic structural analysis and related
design;

— Part 210, Application protocol: Design of layered electronic products;

— Part 211, Application protocol: Electronics test diagnostics and remanufacture;

vii
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— Part 212, Application protocol: Electrotechnical design and installation;

— Part 213, Application protocol: Numerical control process plans for machined parts;
— Part 214, Application protocol: Core data for automotive mechanical design;

— Part 215, Application protocol: Ship arrangement;

— Part 216, Application protocol: Ship moulded forms;

— Part 217, Application protocol: Ship piping;

— Part 218, Application protocol: Ship structures;

— Part 220, Application protocol: Process planning, manufacture, and assembly of layered
electronic products;

Part 221, Application protocol: Functional data and their schematic representation for
process plant;

— Part 222, Application protocol: Exchange of product data for composite structures;

— Part 223, Application protocol: Exchange of design and manufacturing product information
for cast parts;

— Part 224, Application protocol: Mechanical product definition for process plans using me-
chanical feature;

— Part 225, Application protocol: Building elements using explicit shape representation;
— Part 226, Application protocol: Ship mechanical systems;
— Part 227, Application protocol: Plant spatial configuration;

— Part 228, Application protocol: Building services: Heating, ventilation, and air condition-

ing;

— Part 229, Application protocol: Exchange of design and manufacturing product information
for forged parts;

— Part 230, Application protocol: Building structural frame: Steelwork;

— Part 231, Application protocol: Process engineering data: Process design and process spec-
ification of major equipment;

— Part 232, Application Protocol: Technical data package;
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— Part 301, Abstract test suite: Explicit draughting;

— Part 302, Abstract test suite: Associative draughting;

— Part 303, Abstract test suite: Configuration controlled design;

— Part 304, Abstract test suite: Mechanical design using boundary representation;
— Part 305, Abstract test suite: Mechanical design using surface representation;

— Part 307, Abstract test suite: Sheet metal die planning and design;

— Part 308, Abstract test suite: Life cycle management - Change process;

— Part 309, Abstract test suite: Composite and metallic structural analysis and related design;
— Part 310, Abstract test suite: Design of layered electronic products;

— Part 311, Abstract test suite: Electronics test diagnostics and remanufacture;

— Part 312, Abstract test suite: Electrotechnical design and installation;

— Part 313, Abstract test suite: Numerical control process plans for machined parts;
— Part 314, Abstract test suite: Core data for automotive mechanical design;

— Part 315, Abstract test suite: Ship arrangement;

— Part 316, Abstract test suite: Ship moulded forms;

— Part 317, Abstract test suite: Ship piping;

— Part 318, Abstract test suite: Ship structures;

— Part 320, Abstract test suite: Process planning, manufacture, and assembly of layered
electronic products;

— Part 321, Abstract test suite: Functional data and their schematic representation for process
plant;

— Part 322, Abstract test suite: Exchange of product data for composite structures;

— Part 323, Abstract test suite: Exchange of design and manufacturing product information
for cast parts;

— Part 324, Abstract test suite: Mechanical product definition for process plans using me-
chanical features;
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Part 325, Abstract test suite:
Part 326, Abstract test suite:
Part 327, Abstract test suite:
Part 328, Abstract test suite:

Part 329, Abstract test suite:
for forged parts;

Part 330, Abstract test suite:

Part 331, Abstract test suite:
fication of major equipment;

Building elements using explicit shape representation;

Ship mechanical systems;

Plant spatial configuration;

Building services: Heating, ventilation, and air conditioning;

Exchange of design and manufacturing product information

Building structural frame: Steelwork;

Process engineering data: Process design and process speci-

Part 332, Abstract test suite: Technical data package;

Part 501, Application interpreted construct:
Part 502, Application interpreted construct:
Part 503, Application interpreted construct:
Part 504, Application interpreted construct:
Part 505, Application interpreted construct:
Part 506, Application interpreted construct:
Part 507, Application interpreted construct:
Part 508, Application interpreted construct:
Part 509, Application interpreted construct:
Part 510, Application interpreted construct:
Part 511, Application interpreted construct:
Part 512, Application interpreted construct:
Part 513, Application interpreted construct:
Part 514, Application interpreted construct:

Part 515, Application interpreted construct:

Edge-based wireframe;

Shell-based wireframe;

Geometrically bounded 2D wireframe;
Draughting annotation;

Drawing structure and administration;
Draughting elements;

Geometrically bounded surface;
Non-manifold surface;

Manifold surface;

Geometrically bounded wireframe;
Topologically bounded surface;
Faceted boundary representation;
Elementary boundary representation;
Advanced boundary representation;

Constructive solid geometry;
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— Part 517, Application interpreted construct: Mechanical design geometric presentation;

— Part 518, Application interpreted construct: Mechanical design shaded representation.

The structure of this International Standard is described in ISO 10303-1. The numbering of the
parts of this International Standard reflects its structure:

— Parts 11 to 13 specify the description methods,

— Parts 21 to 26 specify the implementation methods,

— Parts 31 to 35 specify the conformance testing methodology and framework,
— Parts 41 to 49 specify the integrated generic resources,

— Parts 101 to 106 specify the integrated application resources,

— Parts 201 to 232 specify the application protocols,

— Parts 301 to 332 specify the abstract test suites, and

— Parts 501 to 518 specify the application interpreted constructs.
Should further parts of ISO 10303 be published, they will follow the same numbering pattern.

Annexes A,B,C,D and E form an integral part of this part of ISO 10303. Annexes F,G, H, and
J are for information only.
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Introduction

ISO 10303 is an International Standard for the computer-interpretable representation and ex-
change of product data. The objective is to provide a neutral mechanism capable of describing
product data throughout the life cycle of a product independent from any particular system.
The nature of this description makes it suitable not only for neutral file exchange, but also as a
basis for implementing and sharing product databases and archiving.

This International Standard is organized as a series of parts, each published separately. The
parts of ISO 10303 fall into one of the following series: description methods, integrated resources,
application protocols, abstract test suites, implementation methods, and conformance testing.
The series are described in ISO 10303-1. This part of ISO 10303 is a member of the application
protocol series.

This part of ISO 10303 specifies an application protocol (AP) for the use of product data within
a defined context which satisfies an industrial need to exchange product and process design and
manufacturing data of cast parts.

This application protocol defines the context, scope, and information requirements for the ex-
change of design and manufacturing product information for cast parts and specifies the inte-
grated resources necessary to satisfy these requirements.

Application protocols provide the basis for developing implementations of ISO 10303 and ab-
stract test suites for the conformance testing of AP implementations.

Clause 1 defines the scope of the application protocol and summarizes the functionality and
data covered by the AP. An application activity model that is the basis for the definition of the
scope is provided in annex F. The information requirements for the application are specified
in clause 4 using terminology appropriate to the application. A graphical representation of the
information requirements, referred to as the application reference model, is given in annex G.

Resource constructs are interpreted to meet the information requirements. This interpretation
produces the application interpreted model (AIM). This interpretation, given in clause 5.1 shows
the correspondence between the information requirements and the AIM. The short listing of
the AIM specifies the interface to the integrated resources and is given in 5.2. Note that the
definitions and EXPRESS provided in the integrated resources for constructs used in the AIM
may include select list items and subtypes which are not imported into the AIM. The expanded
listing given in Annex A contains the complete EXPRESS for the AIM without annotation. A
graphical representation of the AIM is given in Annex H. Additional requirements for specific
implementation methods are given in annex C.

Design and manufacturing product information for casting parts describes the product and pro-
cess information required to produce a casting which meets the design requirements. Informa-
tion concerning manufacture by a casting process is necessary for the complete data exchange
between systems used by product designers, foundry men, and pattern makers. In addition,
material information for the application of process expertise is supported. The AP describes
the design resulting from the casting expert’s decision process rather than the decision pro-
cess itself. Product definition includes solid geometry and topology, configuration information,
material specification, tolerance requirements, casting form features, surface finish information,
and manufacturing process data. Also included in this AP is the process data associated with
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manufacturing a casting part: casting with rigging, mold information, pour parameters, and
inspection results. The AP includes modifications to the part shape and the items connected
as necessary to complete the cavity for filling and molding the casting product. Figure 1 con-
tains the data planning model that provides a high-level description of the requirements for the
application protocol, as well as the relationship between the information.

xiii
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Industrial automation systems and integration —
Product data representation and exchange —

Part 223 : )
Application Protocol: Exchange of design and manu-

facturing product information for cast parts

1 Scope

This part of ISO 10303 specifies the exchange, archiving and sharing of design and manufacturing
product information for cast parts.

NOTE - The application activity model in annex E provides a graphical representation of the
processes and information flows which are the basis for the definition of the scope of this part of
ISO 10303.

The following are within the scope of this part of ISO 10303:

— Parts and process plans for parts that are made by sand, die, and investment casting
processes;

— Design data for cast parts, including geometry, materials, tolerances, required physical and
mechanical properties, required tests;

— Characterization of products used to make cast parts, including molds, dies, equipment,
materials, and consumable items;

— Specifications for patterns and die assemblies;

Input to and output from casting process simulation software;

— Data exchange between customer and foundry, within the foundry, and between foundry
and supplier;

Use of data for foundry automation and shop floor control;

Use of data for archiving of design and manufacturing data for cast parts.

NOTE - Data supported by this AP may need to be archived to meet legal and regulatory require-
ments, and to meet quality objectives.

The following are outside the scope of this part of ISO 10303:
— Data describing rules, guidelines and expert knowledge used to design and manufacture

cast parts;

— Data describing why a particular design or manufacturing decision was made;
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— Shop floor scheduling data;
— Process plans for making patterns, dies, and other tooling;

— Algorithms used to obtain simulation results.

2 Normative references

The following standards contain provisions which, through reference in this text, constitute
provisions of this part of ISO 10303. At the time of publication, the editions indicated were
valid. All standards are subject to revision, and parties to agreements based on this part of
ISO 10303 are encouraged to investigate the possibility of applying the most recent editions of
the standards indicated below. Members of IEC and ISO maintain registers of currently valid
International Standards.

ISO 31:1994, Quantities and Units

ISO 1000:1992, SI units and recommendations for the use of their multiples and of certain other
units

ISO/IEC 8824-1:Not yet published, Information Technology - Open Systems Interconnection -
Abstract Syntaz Notation One (ASN.1) - Part 1:Specification of Basic Notation.

ISO 10303-1:1994, Industrial automation systems and integration — Product data representa-
tion and exchange — Part 1: Qverview and fundamental principles.

ISO 10303-11: 1994, Industrial automation systems and integration — Product data representa-
tion and exchange — Part 11: Description methods: The EXPRESS language reference manual.

ISO 10303-21: 1994, Industrial automation systems and integration — Product data represen-
tation and exchange — Part 21: Implementation methods: Clear text encoding of the exchange
structure.

ISO 10303-31:1994, Industrial automation systems and integration — Product data represen-
tation and exchange — Part 31: Conformance testing methodology and framework: General
concepts.

ISO 10303-41:1994, Industrial automation systems and integration — Product data representa-
tion and exchange — Part /1: Integrated generic resources: Fundamentals of product description
and support.

ISO 10303-42:1994, Industrial automation systems and integration — Product data representa-
tion and exchange — Part 42: Integrated gemeric resources: Geometric and topological repre-
sentation.



ISO/WD 10303-223:1997

ISO 10303-43:1994, Industrial automation systems and integration — Product data representa-
tion and exchange — Part 43: Integrated generic resources: Representation structures.

ISO 10303-44:1994, Industrial automation systems and integration — Product data representa-
tion and exchange — Part 4/4: Integrated gemeric resources: Product structure configuration.

ISO 10303-45:Not yet published, Industrial automation systems and integration — Product data
representation and exchange — Part 45: Integrated generic resources: Materials.

ISO 10303-46:1994, Industrial automation systems and integration — Product data representa-
tion and exchange — Part 46: Integrated generic resources: Visual presentation.

ISO 10303-47:1997, Industrial automation systems and integration — Product data representa-
tion and exchange — Part 47: Integrated generic resources: Shape variation tolerances.

ISO 10303-49:Not yet published, Industrial automation systems and integration — Product data
representation and exchange — Part 49: Integrated generic resources: Process stucture and prop-
erties.

ISO 10303-104:Not yet published, Industrial automation systems and integration — Product

data representation and exchange — Part 104: Integrated application resources: Finite element
analysis.

3 Definitions and abbreviations

For the purposes of this part of ISO 10303, the following definitions and abbreviations apply.

3.1 Terms defined in ISO 8062-1

This Part of ISO 10303 makes use of the following terms defined in ISO 8062-1.
— draft angle;

— parting surface;

— taper.

3.2 Terms defined in ISO 10303-1

This Part of ISO 10303 makes use of the following terms defined in ISO 10303-1.

— abstract test suite;

— application;
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— application activity model;
— application context;

— application interpreted model;
— application object;

— application protocol;

— application reference model;
— assembly;

— conformance testing;

— context;

— data;

— data exchange;

— implementation method;

— information;

— integrated resource;

— interpretation;

— model;

— product;

— product data;

— structure;

— unit of functionality.

3.3 Terms defined in ISO 10303-31

This Part of ISO 10303 makes use of the following terms defined in ISO 10303-31.

— conformance testing;

— preprocessor;



3.4 Terms defined in ISO 10303-42

postprocessor.

ISO/WD 10303-223:1997

This Part of ISO 10303 makes use of the following terms defined in ISO 10303-42.

arc;
arcwise connected;

axi-symmetric;

bounds;

boundary;

boundary representation solid model;
closed curve;

closed surface;

connected;

connected component;

curve;

cycle;

dimensionality;

domain;

extent;

finite;

geometric coordinate system;

graph;

handle;

homomorphic;

inside;
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— list;

— d-manifold with boundary;
— open curve;

— open surface;

— orientable;

— overlap;

— parameter range;

— parameter space;

— placement coordinate system;
— self-intersect;

— self-loop;

— set;

— space dimensionality;

— surface;

— topological sense.

3.5 Other definitions

For the purpose of this Part of ISO 10303, the following definitions apply.

3.5.1 die casting: a category of casting processes which use permanent, steel or iron, molds.
In this type of casting process one die makes numerous castings.

NOTE - This category includes high and low pressure die casting processes. The high pressure
processes include normal die casting, squeeze casting, semi-solid casting and vacuum die casting;
and usually use large, complex molds constructed of heat treated tool steel or other high strength
materials. The low pressure processes use a variety of methods to introduce metal into the mold,
including gravity pour, vacuum and pressure lift, and tilt pour processes. Because high pressures
are not employed, special cast iron alloys are usually used to construct the molds.

3.5.2 investment casting: a category of casting processes which coat or invest a consumable
wax pattern with the refractory material.
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NOTE - This category includes the lost wax investment process, where a consumable wax pattern
is coated or invested with a plaster or ceramic shell mold. Also, plastics and foams have been used
to produce the pattern. This latter process is also included in this application protocol and is called
lost foam, expendable pattern or evaporative pattern casting.

3.5.3 sand casting: a category of casting processes which use a pattern, also called a match
plate or pressure plate, to make a disposable mold for each casting poured.

NOTE - This category includes and covers all unbonded green sand processes, bonded sand pro-
cesses, and plaster mold processes. The term ”sand” used in this application protocol includes green
sand, bonded sand, plaster, and other similar molding materials used to create a mold. This cate-
gory also includes semi-permanent molding processes, in the sense that the permanent part of the
mold is treated as a specially designed chill. Also included is the sand core package assembly casting
process, where a number of bonded sand cores are assembled to form a continuous cavity. In this
case no pattern is employed. The pattern in effect divided up among the different cores.

3.5.4 boundary representation model: a solid model represented by the set of shells defin-
ing their exterior or interior boundaries. Constraints ensure that the associated geometry is well
defined and that the Euler formula connecting the numbers of vertices, edges, faces, loops and
shells in the model is satisfied.

3.5.5 component: a product identified from a group of associated products.

3.5.6 design phase: the period during which the engineering representation of a product is
dynamic.

3.5.7 mechanical part: a physical object which can be formed from material into a static
shape.

3.5.8 solid model: a three dimensional object with a well defined inside and outside separated
by a two dimensional boundary.

3.6 Abbreviations

For the purposes of this Part of ISO 10303, the following abbreviations apply.

AAM application activity model
AIM application interpreted model
AP application protocol

ARM application reference model

4 Information requirements
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This clause specifies the information required for the exchange of design and manufacturing
product information for cast parts.

The information requirements are specified as a set of units of functionality, application objects,
and application assertions. These assertions pertain to individual application objects and to
relationships between application objects. The information requirements are defined using the
terminology of the subject area of this application protocol.

NOTES
1 - A graphical representation of the information requirements is given in annex G.

2 — The information requirements correspond to those of the activities identified as being in the
scope of this application protocol in annex F.

3 — The mapping table specified in 5.1 shows how the information requirements are met using the
integrated resources of this International Standard. The use of the integrated resources introduces
additional requirements that are common to application protocols.

4.1 Units of functionality

This subclause specifies the units of functionality for the Exchange of design and manufacturing
product information for cast parts application protocol. This Part of ISO 10303 specifies the
following units of functionality:

— basic_data;

— configuration_management;
— die_casting;

— feature;

— geometry;

— general_item;

— investment_casting;
— measurement;

— process_plan;

— property;

— quality_assurance;

— quality_control;
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— requirement;

— sand_casting;

— simulation;

— substance_composition;

— tolerance.

The units of functionality and a description of the functions that each UoF supports are given
below. The application objects included in the UoFs are defined in ??

4.1.1 basic_data

The basic_data UoF specifies the data constructs to organize the design and manufacturing
information.

The following application objects are used by the basic_data UoF:
— Computer_file;

— Curve_point;

— Data_curve;

— Date_and_time;

— Document;

— Graphics;

— Organization;

— Person_and_organization;
— Picture;

— Specification.

4.1.2 configuration_management

The configuration_management UoF specifies the configuration management and control of the
items and process plans used in casting.

The following application objects are used by the configuration_management UoF:

— Approval;
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— Date;

— Design_request;

— Design_update;

— Item;

— Item_version;

— Process_plan_version;

— Request_for_change;

— Request_for_clarification;

— Version.

4.1.3 die_casting

The die_casting UoF specifies the items required for the design and manufacture of casting
products using die casting technique.

The following application objects are used by the die_casting UoF:

— Die_component;
— Die_mold_assembly;

— Die_sub_assembly.

4.1.4 feature

The feature UoF specifies the definitions and representations for the casting application domain
features which describe characteristics of the casting product significant to the casting process
design.

The following application objects are used by the feature UoF:

— Casting_design_feature;

— Casting-machining_allowance;

— Casting_machining_allowance_along_normal;
— Casting_machining_allowance_along_vector;

— Casting-machining_with_explicit_surface;

10
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— Casting_round_corner_transition;
— Casting_round_edge_transition;
— Casting_taper;

— Feature_parameter;

— Identification_marking;

— Parting_surface.

4.1.5 geometry

The geometry UoF specifies the shape representation of the items used in the casting processes.
The following application objects are used by the geometry UoF:

— Annotation;

— Axis_placement;

— B_rep_shape_representation;

— Curve_on_surface;

— Geometric_2d_shape_representation;
— Shape_aspect;

— Shape_representation;

— Vector.

4.1.6 general_item

The general_item UoF specifies the definitions for basic casting features.
The following application objects are used by the general_ item UoF:

— Assembly_item;

— Assembly_item_placement;
— Casting_part;

— Consumable_item;

—  Core;

11
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— Core_master;

— Customer_part;

— Finished_casting;

— In_mold_rigging_component;
— Insert;

— Master;

— Pattern_master;

— Raw_casting;

— Secondary_tooling;

— Simple_item;

— Update_relationship.

4.1.7 investment_casting

The investment_casting UoF specifies the items required for the design and manufacture of the
casting products using investment casting technique.

The following application objects are used by the investment_casting UoF:

— Investment_mold;

— Investment_pattern;

— Investment_pattern_assembly;

— Investment_pattern_die;

— Investment_pattern_die_component;
— Investment_sprue_assmebly;

— Investment_sprue_component.

4.1.8 measurement

The measurement UoF specifies the data constructs of the value and unit components for rep-
resenting the measurable properties.

12
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The following application objects are used by the measurement UoF:

— Measure_range_with_unit;
— Measure_with_unit;

— Scalar_measure;

— Statistical_measure;

— Tensor_measure;

—  Unit;

— Vector_measure.

4.1.9 process_plan

The process_plan UoF specifies the data constructs to describe the operations, input items,
output items, and equipment usage needed for producing the cast parts.

The following application objects are used by the process_plan UoF:

— Compound_process;
— Equipment_usage;
— Machine_setting;

— Process;

— Process_plan;

— Substance_usage;

— Unit_process.

4.1.10 property

The property UoF the data constructs used to represent the property value and the property
value relationship.

The following application objects are used by the property UoF:
— Property_relationship;

— Property_value.

13
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4.1.11 quality_assurance

The quality_assurance UoF specifies the inspection and test results obtained from a sample set
of lots or heats of castings.

The following application objects are used by the quality_assurance UoF:

— Artifact;

— Failure_report;

— Heat;

— Inspection_or_test_result;
— Lot;

— Sampled_set.

4.1.12 quality_control

The quality_control UoF specifies the process execution records with respect to the processes
described in the process plan. The records include the actual values used to perform the pro-
cesses.

The following application objects are used by the quality_control UoF:

— Machine_setting _record;

— Process_execution;

— Process_execution_record;

— Process_parameter_record;

— Substance_composition_element_record;

— Substance_usage_record.

4.1.13 requirement

The requirement UoF specifies the items required for specification, design and manufacture of
the casting product.

The following application objects are used by the requirement UoF:

— Composition_requirement;

— Geometry_requirement;

14
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— Heat_treat_requirement;

— Inspection_or_test_requirement;
— Item_requirement;

— Process_requirement;

— Property_requirement;

— Reporting_requirement;

— Required_machining_allowance;
— Specification_reference;

— Surface_roughness_requirement.

4.1.14 sand _casting

The sand_casting UoF specifies the items required for the design and manufacture of the casting
product using sand casting technique.

The following application objects are used by the sand_casting UoF:
— Flask;

— Sand_mold;

— Sand_mold_assembly;

— Sand_mold_component;
— Pattern_and_rigging;

— Pattern;

— Pattern_plate;

— Pattern_rigging_component.

4.1.15 simulation

The simulation UoF specifies the input data and the output data for a casting process simulation
model.

The following application objects are used by the simulation UoF:

15
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— Boundary_condition;

— Condition_or_assumption;
— Integration_interval;

— Meshing_condition;

— Simulated_property;

— Simulation_input;

— Simulation_input_region;
— Simulation_output;

— Simulation_output_region;
— Simulation_result;

— Simulation_run;

— Simulation_run_relationship;
— Simulation_software;

— Simulation_unit;

— Simulation_unit_state.

4.1.16 substance_composition

The substance_composition UoF specifies the data constructs for representing the physical and
chemical compositions of substances used in casting.

The following application objects are used by the substance_composition UoF":

— Geometry_characterization;

— Substance;

— Substance_composition_element;
— Substance_structure;

— Substance_structure_element.

16
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4.1.17 tolerance

The tolerance UoF specifies the allowable deviation from nominal or ideal conditions. Geometric
tolerance, dimensional tolerance, and mismatch tolerance for two half dies are included.

The following application objects are used by the tolerance UoF:

— Datum_reference_frame;
— Dimensional_tolerance;
— Geometric_tolerance;

— Mismatch_tolerance;

— Tolerance.

4.2 Application objects

This subclause specifies the application objects for the Exchange of design and manufacturing
product information for cast parts application protocol. Each application object is an atomic
element that embodies a unique application concept and contains attributes specifying the data
elements of the object. The application objects and their definitions are given below.

4.2.1 Annotation

An Annotation is additional human interpretable information associated with a piece of product
data. The data associated with an Annotation are the following:

— applies_to;

description;
— more_information;

— Ialne.

4.2.1.1 applies_to

The applies_to specifies the defined portion of a geometric shape to which the Annotation per-
tains.

4.2.1.2 description

The description specifies the textual account of an Annotation.

17
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4.2.1.3 more_information

The more_information specifies the document that supplements the description of an Annotation.
The more_information need not be specified for a particular Annotation.

4.2.1.4 name

The name specifies the human-understandable term used to identify an Annotation. The name
need not be specified for a particular Annotation.

4.2.2 Approval

An Approval is an indication of concurrence or nonconcurrence with a piece of product data.
The data associated with an Approval are the following:

— approved_by;
— approved_version;

— when_approved.

4.2.2.1 approved_by

The approved_by specifies the individual who has approved a piece of product data.

4.2.2.2 approved_version

The approved_version specifies the version that has been approved.

4.2.2.3 when_approved

The when_approved specifies the Date_and_time (see 4.2.30) at which the Approval became, or
will become, effective.

4.2.3 Artifact

An Artifact is a physical object that has been produced by the casting process. The data
associated with an Artifact are the following:

— belongs_to_heat;
— belongs_to_lot;
— part_number;

— process_plan_used;

18
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— product_specification_used;

— production_date.

4.2.3.1 belongs_to_heat

The belongs_to_heat specifies the Heat (see 4.2.50) to which an Artifact belongs. The belongs_
to_heat need not be specified for a particular Artifact.

4.2.3.2 belongs_to_lot

The belongs_to_lot specifies the Lot (see 4.2.69) to which an Artifact belongs. The belongs_to_lot
need not be specified for a particular Artifact.

4.2.3.3 part_number

The part_number specifies the label used to identify an Artifact.

4.2.3.4 process_plan_used

The process_plan_used specifies the operations by which the Artifact was manufactured.

4.2.3.5 product_specification_used

The product_specification_used specifies the design that the Artifact was built to satisfy.

4.2.3.6 production_date

The production_date specifies the Date_and_time (see 4.2.30) when the Artifact was created.

4.2.4 Assembly_item

An Assembly_item is a type of Item (see 4.2.66) that is constructed by joining together simpler
items. Each Assembly_item is either a Die_mold_assembly (see 4.2.36), a Die_sub_assembly (see
4.2.37), an Investment_pattern_assembly (see 4.2.59), an Investment_pattern (see 4.2.60), an
Investment_pattern_die (see 4.2.62), an Investment_sprue_assembly (see 4.2.63), a Pattern_and_
rigging (see 4.2.79), a Sand_mold_assembly (see 4.2.102), or a Sand_mold (see 4.2.104). The data
associated with an Assembly_item are the following;:

— elements.

The elements specifies the items that are part of the Assembly_item and their placement relative
to the coordinate system of the Assembly_item. There may be more than one elements for an
Assembly_item.
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4.2.5 Assembly_item_placement

An Assembly_item_placement is the location of a Item (see 4.2.66) with respect to the coordinate
system of an Assembly_item (see 4.2.4) in which it is contained. The data associated with an
Assembly_item_placement are the following;:

— location;

— placed_item.

4.2.5.1 location

The location specifies the coordinate transformation that locates the placed_item with respect
to its parent.

4.2.5.2 placed_item

The placed_item specifies the Item (see 4.2.66) that is to be placed at a specific location within
an assembly.

4.2.6 Axis_placement

An Axis_placement is the location and orientation of a geometric item with respect to some
coordinate system.

4.2.7 B_rep_shape_representation
A B_rep_shape_representation is a type of Shape_representation (see 4.2.108) in which the size

and shape of the solid is defined in terms of the faces, edges and vertices which make up its
boundary.

4.2.8 Boundary_condition

A Boundary_condition is the state of physical phenomena at the surface of a region.

NOTE - Boundary conditions include heat transfer coefficients and pressure on mold and vents.
The data associated with a Boundary_condition are the following:

— applies_to;

— condition_value.

4.2.8.1 applies_to

The applies_to specifies the surface to which the Boundary_condition pertains.
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4.2.8.2 condition_value

The condition_value specifies the property value or relationship between property values that
characterizes the Boundary_condition.

4.2.9 Casting _design _feature

A Casting_design_feature is a geometric form which conforms to some preconceived pattern or
stereotype and is, for the purpose of casting design, usefully dealt with as an occurrence of that
stereotype.

EXAMPLES

1 — A fillet is required when two plane segments join at a “T” section in order to prevent shrinkage
porosity from occurring at the joint.

2 — A taper (or draft angle) is required on walls parallel to the opening direction of a die so that a
casting may be easily pulled away from the die without sticking or tearing.

Each Casting_design_feature is either a Casting_machining_allowance (see 4.2.10), a Casting_
round_corner_transition (see 4.2.15), a Casting_round_edge_transition (see 4.2.16), a Casting_
taper (see 4.2.17), or an Identification_marking (see 4.2.52). The data associated with a Casting_
design_feature are the following:

— geometry_to_be_modified;

— resultant_geometry.

4.2.9.1 geometry_to_be_modified

The geometry_to_be_modified specifies the shape of a part without the feature.

4.2.9.2 resultant_geometry

The resultant_geometry specifies the shape of a part after the feature has been applied.

4.2.10 Casting_machining_allowance

A Casting_machining_allowance is a type of Casting_design_feature (see 4.2.9) that is a machining
allowance as defined in ISO 8062-1.

NOTES

1 — ISO 8062-1 defines machining allowance to be “allowance left on a raw moulded part so that
material and surface imperfections can be removed by subsequent machining to achieve the specified
surface texture and linear and geometrical dimensions.”

2 — A cast part is a kind of moulded part.
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Each Casting_machining_allowance may be one of the following: a Casting machining_allowance_
along_normal (see 4.2.11), a Casting_machining_allowance_along_vector (see 4.2.12), or a Casting_
machining_allowance_with_explicit_surface (see 4.2.13).

4.2.11 Casting_machining_allowance_along_normal

A Casting_machining_allowance_along_normal is a type of Casting_machining allowance (see
4.2.10) whose surface is obtained by displacing each point of a pre-existing surface by a fixed
distance along the normal of the pre-existing surface at the given point. The data associated
with a Casting_machining allowance_along normal are the following;:

— thickness.

The thickness specifies the distance by which each point of the pre-existing surface is to be offset
to create the surface of the Casting_machining_allowance_along_normal.

4.2.12 Casting_machining_allowance_along_vector

A Casting_machining_allowance_along_vector is a type of Casting_machining_allowance (see 4.2.10)
whose surface is obtained by displacing each point of a pre-existing surface by a fixed distance
along a given vector. The data associated with a Casting_machining_allowance_along_vector are
the following:

— direction;

— offset_amount.

4.2.12.1 direction

The direction specifies the vector along which the pre-existing surface is to be displaced to create
resultant surface.

4.2.12.2 offset_amount

The offset_amount specifies the distance by which to displace each point of the pre-existing
surface to create the resultant surface.

4.2.13 Casting_machining _allowance_with_explicit_surface

A Casting_machining_allowance_with_explicit_surface is a type of Casting machining allowance
(see 4.2.10) that is characterized by an explicitly defined surface. The data associated with a
Casting_machining_allowance_with_explicit_surface are the following:

— enveloping geometry.

The enveloping_geometry specifies the shape of the outer boundary of the machining allowance.
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4.2.14 Casting_part

A Casting_part is a specification for a part as produced by the casting process. A casting part
contains machining allowances, which will be removed in finishing to produce the customer
part.

4.2.15 Casting_round_corner_transition

A Casting_round_corner_transition is a type of Casting_design_feature (see 4.2.9) that is a concave
or convex circular arc transition between three or more surfaces that intersect at a vertex. The
data associated with a Casting_round_corner_transition are the following:

— radius.

The radius specifies the amount of curvature for the transition between the intersecting surfaces.

4.2.16 Casting round_edge_transition

A Casting_round_edge_transition is a type of Casting_design_feature (see 4.2.9) that is a concave
or convex circular arc transition between two intersecting surfaces. The data associated with a
Casting_round_edge_transition are the following:

— radius.

The radius specifies the amount of curvature for the transition between the two surfaces.

4.2.17 Casting_taper

A Casting_taper is a type of Casting_design_feature (see 4.2.9) that is the gradual decrease or
increase in width or thickness, applied to an enlogated portion of a casting, that results from
adding taper to the pattern or mold used to produce the casting.

NOTES

1 — ISO 8062-1 defines taper as “angle added to a geometrical feature of a pattern or mould to
improve product quality or enhance production rates.”

2 — In die casting a taper is used to facilitate removal of the casting from the mold. In sand casting
a taper is used to facilitate removal of the pattern and rigging assembly from the sand mold. In
investment casting a taper is used to help remove the wax or foam pattern from the pattern die.

The data associated with a Casting_taper are the following:

— angle;

method;

— ratio;

reference_edge;

23



ISO/WD 10303-223:1997

— with_respect_to.

4.2.17.1 angle

The angle specifies the draft angle. The angle need not be specified for a particular Casting_
taper.

4.2.17.2 method

The method specifies the manner in which the Casting_taper is to be formed. The value shall
be “taper+,” “taper-,” or “taper+-.” These terms are defined in ISO 8062-2.

4.2.17.3 ratio

The ratio specifies the declination of the tapered surface with respect to its reference edge. The
ratio need not be specified for a particular Casting_taper.

4.2.17.4 reference_edge

The reference_edge specifies the direction which is used to specify the inclination of the taper
on a casting surface. If a reference edge is not specified, it is assumed to be perpendicular to
the parting_surface.

NOTE - The reference edge is usually a normal to the parting surface, but is some cases this is not
possible. One example occurs in die casting, when a slide must be removed in a direction that is
not perpendicular to its parting surface.

4.2.17.5 with_respect_to

The with_respect_to specifies the parting surface.

NOTE - In most castings there is only one parting plane or parting surface; however, complex
castings may have four or more parting surfaces.

4.2.18 Composition_requirement
A Composition_requirement is a type of Item_requirement (see 4.2.67) that is a specification of

a chemical or physical composition which must be satisfied by an item. The data associated
with a Composition_requirement are the following:

— alloy_grade;

— made_of.
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4.2.18.1 alloy_grade

The alloy_grade specifies the label used to identify the composition of an alloy.

NOTE — Alloy grades may be defined in International or National Standards, and industry or
company specifications.

EXAMPLE 3 - AA 356.2, LM25, or Al7Si0.3Mg are labels applied to an aluminum alloy grade
which contains nominally 7% Si and 0.3% Mg.

The alloy_grade need not be specified for a particular Composition_requirement.

4.2.18.2 made_of

The made_of specifies the Substance (see 4.2.124) of which an item must be made. If both
made_of and alloy_grade are specified, then the item shall meet the combination of requirements
of both. The made_of need not be specified for a particular Composition_requirement.

4.2.19 Compound_process

A Compound_process is a type of Process (see 4.2.86) that is decomposed into simpler processes.
The data associated with a Compound_process are the following:

— element.

The element specifies the a processing step for a Compound_process.

4.2.20 Computer_file

A Computer_file is a collection of data stored electronically. The data associated with a Computer_
file are the following:

— file_name.

The file_name specifies the label used to identify a Computer_file.

4.2.21 Condition_or_assumption

A Condition_or_assumption is a state of physical phenomena or presumption about the state of
physical phenomena. The data associated with a Condition_or_assumption are the following:

— associated_properties;
— description;

— further_information.
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4.2.21.1 associated_properties
The associated_properties specifies the value of a physical property, or the functional dependence

of a physical property, that represents the Condition_or_assumption. The associated_properties
need not be specified for a particular Condition_or_assumption.

4.2.21.2 description

The description specifies the textual account of the Condition_or_assumption.

4.2.21.3 further_information

The further_information specifies the additional document that describes or delineates the Con-
dition_or_assumption. The further_information need not be specified for a particular Condition_
or_assumption.

4.2.22 Consumable_item

A Consumable_item is a specification for an item which is used up during a Process (see 4.2.86).

EXAMPLE 4 - An ingot that is charged to the furnace and melted for casting is a Consumable_item.

4.2.23 Core
A Core is a design of specially formed material inserted into a mold to shape the interior or

other part of a casting that cannot be easily shaped by the pattern. The data associated with
a Core are the following:

— construction;

— type_of_core.

4.2.23.1 construction

The construction specifies the design of the core master which is used to construct the core
box.

4.2.23.2 type_of _core

The type_of_core specifies the label identifying the kind of core.
EXAMPLE 5 — “Shell cores” and “cold box cores” are kinds of cores.

4.2.24 Core_master

A Core_master is a type of Master (see 4.2.72) that is a reference object that is used to manu-
facture a pattern or die.
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4.2.25 Curve_on _surface

A Curve_on_surface is a curve that lies on a surface.

4.2.26 Curve_point

A Curve_point is location of a data point on a Data_curve (see 4.2.28). The data associated
with a Curve_point are the following:

—  x_value;

— y-value.

4.2.26.1 x_value

The x_value specifies the numerical measure of the x-coordinate for the Curve_point.

4.2.26.2 y_value

The y_value specifies the numerical measure of the y-coordinate for the Curve_point.

4.2.27 Customer_part

A Customer _part is specification for a part as originally received from the client.

NOTE - The customer may not be aware of, or be concerned with, the limitations of the casting
process. Therefore, a Customer_part may need to be modified to enable it to be economically
produced by casting.

4.2.28 Data_curve

A Data_curve is a plot that exhibits a relationship between two variables. The data associated
with a Data_curve are the following:

— data_point;
— interpolation_method;
—  X_unit;

— y_unit.

4.2.28.1 data_point

The data_point specifies the pair of values for two variables through which the Data_curve must
pass. There may be more than one data_point for a Data_curve.
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4.2.28.2 interpolation_method

The interpolation_method specifies the procedure for estimation of property values in between
adjoining sets of data points.

NOTE - Interpolation methods include linear and polynomial interpolation.

4.2.28.3 x_unit

The x_unit specifies the unit of measure for the ordinate of the Data_curve.

4.2.28.4 y_unit

The y_unit specifies the unit of measure for the abscissa of the Data_curve.

4.2.29 Date

A Date is a particular day.

4.2.30 Date_and_time

A Date_and_time is a moment of time on a particular day.

4.2.31 Datum reference_frame

A Datum_reference_frame is a sequence of datums that constrains the location of a feature on a
physical part.

4.2.32 Defect_prediction

A Defect_prediction is an undesirable structural feature that is forecast by a simulation.

EXAMPLE 6 — Possible defects include shrinkage porosity, oxide inclusions, and cracks.
The data associated with a Defect_prediction are the following:

— defect_shape;
— description;

— location;

type_of_defect.
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4.2.32.1 defect_shape

The defect_shape specifies the characteristic spatial form of a defect. The defect_shape need
not be specified for a particular Defect_prediction.

4.2.32.2 description

The description specifies the textual account of a Defect_prediction.

4.2.32.3 location

The location specifies the position of a predicted defect within a part. The location need not
be specified for a particular Defect_prediction.

4.2.32.4 type_of_defect

The type_of_defect specifies the label that identifies the kind of defect.

NOTE - Shrinkage, porosity, cracks and oxide inclusions are kinds of defects.

4.2.33 Design_request

A Design_request is an appeal for more information about, or a modification to, a design. Each
Design_request is either a Request_for_change (see 4.2.98), or a Request_for_clarification (see
4.2.99). The data associated with a Design_request are the following:

— description;
— referenced_item;
— request_date;

— requested_by.

4.2.33.1 description

The description specifies the textual account of a Design_request.

4.2.33.2 referenced_item

The referenced_item specifies the Item (see 4.2.66) that is affected by the Design_request.

4.2.33.3 request_date

The request_date specifies the Date_and_time (see 4.2.30) at which the Design_request is made.
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4.2.33.4 requested_by

The requested_by specifies the person making the Design_request.

4.2.34 Design_update

A Design_update is a change or modification made to a design. The data associated with a
Design_update are the following:

— action_date;
— action_taker;
— description;
— referenced;

— updated_item.

4.2.34.1 action_date

The action_date specifies the Date_and_time (see 4.2.30) at which a Design_update is made.

4.2.34.2 action_taker

The action_taker specifies the person making the update.

4.2.34.3 description

The description specifies the textual account of the Design_update.

4.2.34.4 referenced

The referenced specifies the Design_request (see 4.2.33) that is addressed by the Design_update.

4.2.34.5 updated_item

The updated_item specifies the Item (see 4.2.66) that is changed by the Design_update.

4.2.35 Die_component

A Die_component is design of a part which forms an element of a die sub-assembly. The data
associated with a Die_component are the following:

— type_of_component.
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The type_of_component specifies the name of the part which is being described.

PA 1%

EXAMPLE 7 - “Fixed core,” “consumable core,” “insert,” “chill,” “insulating sleeve,” “in-mold
filter” and “ejector pin” are names of die components.

The type_of_component need not be specified for a particular Die_component.

4.2.36 Die_mold_assembly

A Die_mold_assembly is a complete die mechanism used to produce a die casting. The data
associated with a Die_mold_assembly are the following:

— cavity_shape.

The cavity_shape specifies the geometry of the empty region contained inside a die mold assembly
that will be filled with liquid metal during casting.

NOTE - The cavity shape is an input data for the simulation of the die casting process.

The cavity_shape need not be specified for a particular Die_mold_assembly.

4.2.37 Die_sub_assembly

A Die_sub_assembly is a type of Assembly_item (see 4.2.4) that is the design of an assembly
which forms part of a die mold assembly.

NOTE — A Die_sub.assembly may contain other Die_sub_assembly objects. For example, a sub-
assembly of slide may contain a sub-assembly of ejector pin and ejector plate, and the die components
of the fixed cores.

The data associated with a Die_sub_assembly are the following:
— type_of_sub_assembly.
The type_of_sub_assembly specifies the kind of die sub-assembly.

4.2.38 Dimensional _tolerance

A Dimensional_tolerance is a type of Tolerance (see 4.2.133) that is an amount of variation from
a standard or specified value for a structural dimension of an item.

4.2.39 Document

A Document is a written or printed paper bearing information needed at some point of time
during casting design or casting manufacture. The data associated with a Document are the
following;:

— IaImne.

The name specifies the human-understandable term used to identify a Document.
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4.2.40 Equipment_usage

An Equipment_usage is a machinery specification for a Process (see 4.2.86). The data associated
with an Equipment_usage are the following:

— equipment_name;
— equipment_setting;
— identification;

— machine_program;

— operation_instruction.

4.2.40.1 equipment_name

The equipment_name specifies the label used to identify the equipment.
NOTE - The equipment_name may be the make and model of equipment.

4.2.40.2 equipment_setting

The equipment_setting specifies the machine operating variable for an Equipment_usage.

NOTE - A set point is a kind of machine operating variable.

The equipment_setting need not be specified for a particular Equipment_usage. There may be
more than one equipment_setting for a Equipment_usage.

4.2.40.3 1identification

The identification specifies the label used to identify a specific piece of machinery. The identifi-
cation need not be specified for a particular Equipment_usage.

4.2.40.4 machine_program
The machine_program specifies the Computer_file (see 4.2.20) which contains the instructions

to control the machine. The machine_program need not be specified for a particular Equipment_
usage.

4.2.40.5 operation_instruction

The operation_instruction specifies the text that describes the proper operation of the machine
within a Process (see 4.2.86).

32



ISO/WD 10303-223:1997

4.2.41 Failure_report

A Failure_report is a description of a situation in which a requirement is not met. The data
associated with a Failure_report are the following:

— description;

failed_artifact;

— number_failed;

what_failed.

4.2.41.1 description

The description specifies the textual account of the Failure_report.

NOTE - The description may include a list of the defects observed and reasons for production of
scrap.

4.2.41.2 failed_artifact

The failed_artifact specifies the Artifact (see 4.2.3) which did not meet the requirement. The
failed_artifact need not be specified for a particular Failure_report. There may be more than
one failed_artifact for a Failure_report.

4.2.41.3 number_failed

The number_failed specifies the quantity of Artifact (see 4.2.3) objects that did not meet the
requirements. The number_failed need not be specified for a particular Failure_report.

4.2.41.4 what_failed

The what_failed specifies the Inspection_or_test_result (see 4.2.56) which gives details of what
requirements the Artifact (see 4.2.3) did not meet and how.

4.2.42 Feature_parameter

A Feature_parameter is a variable used to characterize a Casting_design_feature (see 4.2.9). The
data associated with a Feature_parameter are the following:

—  value.

The value specifies the numerical quantity for the variable that characterizes a Casting_design -
feature (see 4.2.9).
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4.2.43 Finished_casting

A Finished_casting is a type of Simple_item (see 4.2.109) that is a cast part to which the specified
finishing operations have been applied.

EXAMPLE 8 — Trimming, grinding, machining and heat treatment are types of finishing operations.

4.2.44 Flask

A Flask is horizontal extent of the flask. The data associated with a Flask are the following:
— cope_height;

— drag_height;
— flask_length;
— flask_width;

— type_of_flask.

4.2.44.1 cope_height

The cope_height specifies the height of the upper portion of the flask.

4.2.44.2 drag_height

The drag_height specifies the height of the lower portion of the flask.

4.2.44.3 flask_length

The flask length specifies the longitudinal extent of the flask.

4.2.44.4 flask width

The flask_width specifies the horizontal extent of the flask.

4.2.44.5 type_of_flask

The type_of_flask specifies the kind of flask.
NOTE - The type_of_flask may be a trade name.

4.2.45 Geometric_2d_shape_representation

A Geometric_2d_shape_representation is a type of Shape_representation (see 4.2.108) that is the
representation of a shape in which all points fall on a plane.
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4.2.46 Geometric_tolerance

A Geometric_tolerance is a type of Tolerance (see 4.2.133) that is an amount of variation allowed
for a specific structural dimension, as measured with respect to a datum point or a datum plane.
The data associated with a Geometric_tolerance are the following:

— with_respect_to.

The with_respect_to specifies the datum point, or a datum plane, used for the measurement
of a specific structural dimension. The with_respect_to need not be specified for a particular
Geometric_tolerance.

4.2.47 Geometry_characterization
A Geometry_characterization is the size, shape and geometric orientation of a Substance_-

structure_element (see 4.2.128).  The data associated with a Geometry_characterization are
the following:

— characteristic_size;
— description;
— orientation;

— shape.

4.2.47.1 characteristic_size

The characteristic_size specifies the dimensional measure used to describe the physical magnitude
of a Substance_structure_element (see 4.2.128).

EXAMPLE 9 - Particle diameter and plate length are dimensional measures.

The characteristic_size need not be specified for a particular Geometry_characterization.

4.2.47.2 description

The description specifies the textual account of the Geometry_characterization.

4.2.47.3 orientation

The orientation specifies the spatial placement of a Substance_structure_element (see 4.2.128).

EXAMPLE 10 — The grain orientation in single crystal jet engine fan blades.

The orientation need not be specified for a particular Geometry_characterization.
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4.2.47.4 shape

The shape specifies the typical spatial form of a Substance_structure_element (see 4.2.128). The
shape need not be specified for a particular Geometry_characterization.

4.2.48 Geometry_requirement

A Geometry_requirement is a type of Item_requirement (see 4.2.67) that is the specification
that an Item (see 4.2.66) have a specific spatial form. The data associated with a Geometry_
requirement are the following:

— shape.

The shape specifies the representation of the specific geometry, which has been determined to
be necessary for an Item.

4.2.49 Graphics

A Graphics is a marking on a cast part used for identification.
NOTE - A Graphics may be a name, symbol, logo or trademark.
The data associated with a Graphics are the following:
— name.

The name specifies the label used to identify a Graphics.

4.2.50 Heat

A Heat is a batch of metal, obtained from an uninterrupted melting operation in an individual
cupola or furnace. The data associated with a Heat are the following:

— heat_number;

— production_date.

4.2.50.1 heat_number

The heat_number specifies the label used to identify a Heat.

4.2.50.2 production_date

The production_date specifies the Date_and_time (see 4.2.30) when the melting of a Heat was
completed.
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4.2.51 Heat_treat_requirement

A Heat_treat_requirement is a type of Item_requirement (see 4.2.67) that is a sequence of heating
and cooling cycles used to obtain desired properties or conditions of an Item (see 4.2.66). The
data associated with a Heat_treat_requirement are the following:

— temperature_versus_time.

The temperature_versus_time specifies the Data_curve (see 4.2.28) that specifies the regime of
heating and cooling needed to achieve the desired properties or conditions.

4.2.52 Identification_marking

An Identification_marking is a type of Casting_design_feature (see 4.2.9) that is a visible impres-
sion on the surface of a cast part by which the part is identified. The data associated with an
Identification_marking are the following:

— height;
— marking;

— raised.

4.2.52.1 height

The height specifies the how far the Identification_marking extends above or below the surround-
ing surface.

4.2.52.2 marking

The marking specifies the Graphics (see 4.2.49) defining the marking text or shape.

4.2.52.3 raised

The raised specifies whether or not Identification_marking extends outward from the surround-
ing surface.

4.2.53 In_mold_rigging_component

An In_mold_rigging_component is a type of Simple_item (see 4.2.109) that is placed in the mold
to modify the flow of metal. The data associated with an In_mold_rigging_component are the
following;:

— type-of_rigging.
The type_of_rigging specifies the kind of rigging component.

EXAMPLE 11 — Chills, cores, chaplets, insulating sleeves and filters are kinds of rigging compo-
nents.
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4.2.54 Insert

An Insert is a type of Simple_item (see 4.2.109) that is a solid placed into a mold or die prior to
pouring the molten metal, so that it will be incorporated into the cast part.

4.2.55 Inspection_or_test_requirement

An Inspection_or_test_requirement is a type of Item_requirement (see 4.2.67) that specifies the
examination procedure to check an Item (see 4.2.66) for compliance with a desired condition.
The data associated with an Inspection_or_test_requirement are the following:

— frequency;
— inspection_against;
— sampling run_size;

— test_name.

4.2.55.1 frequency

The frequency specifies the how often the procedure must be performed.

4.2.55.2 inspection_against

The inspection_against specifies the Item_requirement (see 4.2.67) for which the procedure
verifies compliance.

4.2.55.3 sampling_run_size

The sampling_run _size specifies the number of castings that must be produced and tested in the
sample run prior to production. The sampling run_size need not be specified for a particular
Inspection_or_test_requirement.

4.2.55.4 test_name

The test_name specifies the label used to identify the Inspection_or_test_requirement. The test_
name need not be specified for a particular Inspection_or_test_requirement.

4.2.56 Inspection_or_test_result

An Inspection_or_test_result is the outcome of an examination or measurement. The data
associated with an Inspection_or_test_result are the following:

— applies_to;
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— Dbelongs_to;
— description;
— requirement;
— result;

— result_label.

4.2.56.1 applies_to

The applies_to specifies the location on an item where the inspection was made.

NOTE - Cast parts may be examined for porosity or cracks along a specified surface, where these
defects would be problematical.

The applies_to need not be specified for a particular Inspection_or_test_result.

4.2.56.2 belongs_to

The belongs_to specifies the Sampled_set (see 4.2.101) that was inspected.

4.2.56.3 description

The description specifies the textual account of the Inspection_or_test_result.

NOTE - The description may contain an account of porosity or other defects found in a casting,
and the results of any mechanical tests made.

4.2.56.4 requirement

The requirement specifies the Item_requirement (see 4.2.67) that was evaluated to produce the
Inspection_or_test_result. The requirement need not be specified for a particular Inspection_or_
test_result.

4.2.56.5 result

The result specifies the outcome of the Inspection_or_test_result.

4.2.56.6 result_label

The result_label specifies the a short characterization of the Inspection_or_test_result. The result_
label need not be specified for a particular Inspection_or_test_result.
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4.2.57 Integration_interval
An Integration_interval is a time step employed for numerical integration, and the total time

period covered by a portion of the overall simulation run. The data associated with an
Integration_interval are the following;:

— delta_time;

— length_of_elapsed_time_interval.

4.2.57.1 delta_time

The delta_time specifies the time step employed for a numerical integration step.

4.2.57.2 length_of_elapsed_time_interval

The length_of_elapsed_time_interval specifies the total time period covered by the Integration_-
interval.

4.2.58 Investment_mold

An Investment_mold is the design of a mold used for investment casting.

NOTE - The Investment_mold includes a description of the mold shape or thickness, and a descrip-
tion of each layer in the case of shell molds.

The data associated with an Investment_mold are the following:

— cavity_shape;

— investment_mold_type.

4.2.58.1 cavity_shape

The cavity_shape specifies the spatial form occupied by the empty cavity contained inside the
investment mold.

NOTES
1 — This cavity will be filled with liquid metal during casting.

2 — The cavity shape is needed for the computer simulation of the investment casting process.

The cavity_shape need not be specified for a particular Investment_mold.

4.2.58.2 investment_mold_type

The investment_mold_type specifies the kind of Investment_mold.
NOTE - “Shell mold” and “plaster mold” are kinds of Investment_mold.
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4.2.59 Investment_pattern_assembly

A Investment_pattern_assembly is a type of Assembly_item (see 4.2.4) that is the design of an
investment pattern tree, which consists of one or more individual patterns mounted onto an
investment sprue assembly.

4.2.60 Investment_pattern

A Investment_pattern is a type of Assembly_item (see 4.2.4) that is the design of the consumable
pattern that is used to construct the mold in investment casting.

NOTE - Since the investment pattern may contains cores or inserts, it is represented as an assembly
item.

The data associated with an Investment_pattern are the following:
— construction.

The construction specifies the pattern die that is used to manufacture the Investment_pattern.

4.2.61 Investment_pattern_die_.component

An Investment_pattern_die_component is a type of Simple_item (see 4.2.109) that is used to
make an Investment_pattern_die (see 4.2.62).

4.2.62 Investment_pattern_die

An Investment_pattern_die is a type of Assembly_item (see 4.2.4) that is the design of the
assembly used by an Investment_pattern (see 4.2.60).

4.2.63 Investment_sprue_assembly

An Investment_sprue_assembly is a type of Assembly_item (see 4.2.4) that forms the piping to
facilitate flow of molten metal into an Investment_mold (see 4.2.58).

NOTES

1 — Included are the pour cup, down sprue or sprues, gates, runners and risers and in-mold rigging
components, such as filters.

2 — The pour cup, down sprue or sprues, gates, runners and risers are usually mounted together
into a single assembly prior to attachment of the investment patterns.

4.2.64 Investment_sprue_component

An Investment_sprue_component is a type of Simple_item (see 4.2.109) that is used to make the
sprue assembly in investment casting.
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4.2.65 Product

An Product is an object that is produced by, input to, or employed as part of, a Process (see
4.2.86). The data associated with an Product are the following:

— description;
— identification;

— IaIne.

4.2.65.1 description

The description specifies the textual account of an Product.

4.2.65.2 identification

The identification specifies the label used to identify an Product.

4.2.65.3 name

The name specifies the human-understandable term used to identify an Product.

4.2.66 Item

An Ttem is a physical object which is produced during, or used by, a manufacturing process. Each
Item is either an Assembly_item (see 4.2.4), a Consumable_item (see 4.2.22), or a Simple_item
(see 4.2.109). The data associated with an Item are the following:

— associated_item_version;
— description;

— designer;

— identification;

— name;

— requirement.

4.2.66.1 associated_item_version

The associated_item_version specifies the which variant of a design is represented by the Item.
The associated_item_version need not be specified for a particular Item.
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4.2.66.2 description

The description specifies the textual account of the Item.

4.2.66.3 designer

The designer specifies the person respounsible for the specification of the Item. The designer need
not be specified for a particular Ttem.

4.2.66.4 identification

The identification specifies the label used to identify the Item. The identification need not be
specified for a particular Item.

4.2.66.5 mname

The name specifies the human-understandable term used to identify the Item.

4.2.66.6 requirement

The requirement specifies the constraints that must be satisfied by the Item. There may be
more than one requirement for a Item.

4.2.67 Item_requirement

An Ttem_requirement is a constraint that an Item (see 4.2.66) must satisfy. Each Item_requirement
may be one of the following: a Composition_requirement (see 4.2.18), a Geometry_requirement

(see 4.2.48), a Heat_treat_requirement (see 4.2.51), an Inspection_or_test_requirement (see 4.2.55),
a Process_requirement (see 4.2.92), a Property_requirement (see 4.2.94), a Reporting_requirement

(see 4.2.97), a Required_machining_allowance (see 4.2.100), or a Surface_roughness_requirement

(see 4.2.131). The data associated with an Item_requirement are the following:

— applies_to;

description;
— illustration;

— referenced_from.

4.2.67.1 applies_to

The applies_to specifies the portion or surface of an Item (see 4.2.66) that satisfies the Ttem_-
requirement.
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EXAMPLE 12 — A certain hardness may be specified for a piston pin sleeve.

The applies_to need not be specified for a particular Item_requirement.

4.2.67.2 description

The description specifies the textual account of an Item_requirement.

4.2.67.3 1illustration

The illustration specifies the an image that illustrates the Item_requirement. The illustration
need not be specified for a particular Item_requirement.

4.2.67.4 referenced _from

The referenced_from specifies the specifications upon which the Item_requirement is based. The
referenced_from need not be specified for a particular Item_requirement.

4.2.68 Item_version

An Ttem_version is a type of Version (see 4.2.137) that identifies a variant of an ITtem (see 4.2.66)
that has undergone a formal release or change.

NOTE - Iterations on designs that are not formally tracked by an organization responsible for the
definition of a product are tracked using Item (see 4.2.66) .

The data associated with an Item_version are the following:

— associated_item;

— purchase_order_numbers.

4.2.68.1 associated_item

The associated_item specifies the Product (see 4.2.65) for which an Item_version is a variant.

4.2.68.2 purchase order_number

The purchase_order_number specifies the label used to identify a purchase order for this Item_-
version.

4.2.69 Lot

A Lot is a group of Artifact (see 4.2.3) objects that are manufactured together or in a sequence.

NOTE - A lot may be established by the foundry; for example, to record the day when a group
of castings are made. A lot may also be specified by the customer; for example, when a lot of 500
castings are specified for delivery monthly.
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The data associated with a Lot are the following:

— lot_number;

— production_date.

4.2.69.1 lot_number

The lot_number specifies the numerical label used to identify the Lot.

4.2.69.2 production_date

The production_date specifies the Date_and_time (see 4.2.30) when the lot was manufactured,
or when production of the lot was completed.

4.2.70 Machine setting

A Machine_setting is a value for an equipment operating variable to be maintained as part of a
Process_plan (see 4.2.90). The data associated with a Machine_setting are the following:

— parameter_name;

— parameter_setting.

4.2.70.1 parameter_name

The parameter_name specifies the label used to identify a Machine_setting variable.

EXAMPLE 13 — In die casting, pressure at end of fill and intensification pressure are possible
parameter names.

4.2.70.2 parameter_setting

The parameter_setting specifies the value for a Machine_setting.

4.2.71 Machine_setting_record

A Machine_setting_record is a record of a value for an equipment operating variable during a
particular execution of a Process (see 4.2.86).

NOTE - A Machine_setting_record may be used for later analysis to determine the effect of an
equipment operating variable on the quality of the part.

The data associated with a Machine_setting _record are the following;:

— actual_setting;

— equipment_usage_context.
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4.2.71.1 actual_setting

The actual_setting specifies the measured value for a Machine_setting (see 4.2.70).

4.2.71.2 equipment_usage_context

The equipment_usage_context specifies the Equipment_usage (see 4.2.40) for which the value of
an equipment operating variable was measured.

4.2.72 Master

A Master is a type of Simple_item (see 4.2.109) that is used to manufacture cores or patterns.
Each Master is either a Pattern_master (see 4.2.81), or a Core_master (see 4.2.24). The data
associated with a Master are the following:

— storage_location.

The storage_location specifies the a label or human-readable text indicating where the master is
placed when it is not in use. The equipment_usage_context need not be specified for a particular
Master.

4.2.73 Measure_range with_unit
A Measure_range_with_unit is a range of values and a desired nominal value specified for a

physical characteristic or property. The data associated with a Measure_range_with_unit are the
following;:

— lower_limit;
— nominal_amount;

— upper_limit.

4.2.73.1 lower_limit

The lower_limit specifies the lowest permissible value specified for the physical property. The
lower_limit need not be specified for a particular Measure_range_with_unit.

4.2.73.2 nominal amount

The nominal_ amount specifies the planned or designed value for the physical property. The
nominal_amount need not be specified for a particular Measure_range_with_unit.

4.2.73.3 upper_limit

The upper_limit specifies the largest permissible value for the physical property. The upper_limit
need not be specified for a particular Measure_range_with_unit.
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4.2.74 Measure_with_unit

A Measure_with_unit is a combination of a numerical quantity with dimensions or units, used
to represent physical characteristics or properties.

NOTE - Physical characteristcs or properties can be measured experimentally or empirically.

EXAMPLE 14 — For temperature, “1400 degrees Celsius”; for pressure, “1500 millibars”; for time,
“20.5 seconds.”

4.2.75 Meshing_condition

A Meshing_condition is a description of the fineness of mesh needed in a region. The data
associated with a Meshing_condition are the following;:

— areas_to_be_meshed;
— density_of_elements;
— density_of_nodes;

— number_of_elements;

— number_of_nodes.

4.2.75.1 areas_to_be_meshed

The areas_to_be_meshed specifies the region to which the Meshing_condition applies.

NOTE - A Meshing_condition may apply to an entire Item (see 4.2.66) , or a portion of an Item.

The areas_to_be_meshed need not be specified for a particular Meshing_condition.

4.2.75.2 density_of_elements

The density_of elements specifies the number of elements per unit volume for the region. The
density_of_elements need not be specified for a particular Meshing_condition.

4.2.75.3 density_of_nodes

The density_of nodes specifies the number of nodes per unit volume for the region. The density_
of_nodes need not be specified for a particular Meshing_condition.

4.2.75.4 number_of elements

The number_of_elements specifies the quantity of elements for region.
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4.2.75.5 number_of nodes

The number_of_nodes specifies the quantity of nodes for region.

4.2.76 Mismatch _tolerance

A Mismatch_tolerance is a type of Tolerance (see 4.2.133) that is an imperfection on a cast part
caused by inaccurate alignment or displacement or dimensional differences between the mold or
die components, producing a step on the surface along the parting line. The data associated
with a Mismatch_tolerance are the following:

—  maximum_amount;

— with_respect_to.

4.2.76.1 maximum_amount

The maximum_amount specifies the largest allowable amount of mismatch.

4.2.76.2 with_respect_to

The with_respect_to specifies the Parting_surface (see 4.2.78) with which the Mismatch_tolerance
is associated.

NOTE - In castings which have more than one parting surface, it may be desirable to specify a
different amount of mismatch along each surface.

The with_respect_to need not be specified for a particular Mismatch_tolerance.
4.2.77 Organization

An Organization is an administrative structur